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subject: 

You will recall that I I wanted to set up a measurement 

program on Ionospheric effects on tracking accuracy. I ask* ! 
for a fast paper and pencil study on what the prognosis looked like. This 
paper indicates they wouldn't be worthwhile doing. 
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8 December 1964 


MEMORANDUM FOR: Deputy Assistant Director for Systems 

and Development 

SUBJECT : Ionospheric Effects on Tracking Accuracy 

at 160 me 


!• At the request of the DAD/S&D a cursory examination was 
made to determine if the ionosphere could be expected to significantly 
effect the tracking accuracy of a 160 me radar. It was important to 
determine if the problem were trivial or one requiring further investi- 
gation. 


2. Using the paper by Lawrence et al. cited at the end as the 
principal reference, it was found that non-negligible errors in both 
range and angle could be expected to occur and that their dependence 
on time of day, season, etc. as well as the degree to which they can be 
compensated for should be further investigated. The range error can 
probably be kept to an acceptable limit if an attempt is made to predict 
the total electron content and a correction for it is made; i. e. , perhaps 
a correction of t 50% can be made. The angular error at the ground, 
however, cannot be corrected to better than a factor of two even if 
actual observations of the ionosphere are available at the time and 
place of interest. Both errors are most severe at the horizon. No 
effort was made to compare these with other sources of error. 

3. The range delay, due to the fact that the group velocity of 
the wave is less than the velocity of light, is given by 

S 

2S T = 1. 35 x 10 -7 sec i (n(z) dz seconds 

fZ 0 

where f is the frequency in cps, i is the angle of incidence at the iono- 
sphere (say at the F 2 layer) and the integral represents the total electron 
content (electrons/m 2 ) in traversing the ionosphere at vertical incidence, 
assuming no horizontal gradients exist. Choosing 1. 8 x 10 17 electrons/ 
m2 as a total content representative of a quiet ionosphere at middle - 
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latitudes, the delay becomes 

AT = . 95 x 10“^ sec i seconds 

In the absence of any on the spot sounding information and assuming 
that the error in predicting the electron content is half of the value 
used above, the resultant delays are approximately 0. 5 microseconds 
overhead and 2. 0 microseconds at the horizon. The corresponding 
range errors are 500 ft. and 2000 ft. 

4. Based on the fiftieth percentile curve for total spherical 
refraction, Figure 14 of Lawrence et al. , one gets the attached 
figure. The estimate of the angular error at the ground was obtained 
by doubling the total refraction at 160 me, a procedure which Figures 
9 and 10 of the same reference indicate holds at 20 me. 
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